Studies of Purkinje cell dendritic spine proliferation after transplantation of cytosine arabinoside (Ara C) 
axon terminals of transplanted granule cells, and as synapse formation progressed, the spine clusters became reduced. Transplantation of Ara C-treated cultures with glia alone resulted in a proliferation of clusters of Purkinje cell dendritic spines, but in the absence of granule cells the spines remained unattached, and the clusters persisted throughout the period of observation. Purkinje cell dendritic spine proliferation was induced by exposure of Ara Ctreated cultures to astrocyte-conditioned medium. When Ara C-treated cerebellar cultures were transplanted with granule cells in the absence of functional glia, parallel fiberPurkinje cell dendritic spine synapses formed, but no clusters of Purkinje cell dendritic spines were observed. These findings suggest that Purkinje cell dendritic spine proliferation is induced by an astrocyte-secreted factor, INTRODUCTION The presence of Purkinje cell dendritic spines, the targets of parallel fiber (granule cell axon) terminals, has been reported in a variety of conditions in which eerebellar granule cells have been reduced or eliminated by different methods, including toxins /10/, antimitotie agents /13,14/, viral agents/11,15,19/, X-irradiation/1/, and as a result of a genetic mutation, such as the weaver mouse/12,21,39,40/. Some authors /i9/ reported the density of such "unattached" or "naked" or "flee" spines without presynaptic elements as increased per unit length of dendrite compared with normal Purkinje cells, whereas others/15/referred to Purkinje cell dendrites as "very heavily laden" with spines. The naked spines were generally VOLUME 6, NO. 1, 1997 described as encased in astrocytic processes and possessing dense structures, similar to Transplantation of Ara C-treated cerebellar cultures was accomplished by superimposing onto the host explants, at 8-9 DIV or later, tissue containing the cellular components to be added. Granule cells plus glia were added in the form of 9-DIV cerebellar explants exposed for the first 5 DIV to nutrient medium with incorporated 10 -4 M kainic acid, which destroyed all cortical and subcortical neurons except granule cells, which are selectively resistant to kainate, and left the glia imact/33/. The kainic acid-exposed cultures were removed from their collagen substrates and placed directly on the Ara C-treated host cultures under a dissecting microscope. The transplant pairs were maintained in standard medium /37/. Glia alone were added in the form of fragments of 7-day-old mouse optic nerve /16,17/. Granule cells, in the absence of functional glia, were introduced to host Ara C-treated explants in the form of cerebellar cultures exposed for the first 5 DIV to kainic acid to eliminate all neurons but granule cells, followed by 4 days of exposure to Ara C to destroy or to compromise the glia/27/. Such preparations were dissected from their collagen substrates at 9 DIV and superimposed on 9 DIV Ara C-treated cultures in the same fashion as described above. Attempts VOLUME 6, NO. 1, 1997 had been made to apply suspensions of dissociated, purified granule cells to Ara C-exposed cerebellar cultures, but the cells could not be sufficiently concentrated over the explants, and trials with pelleted granule cells were unsuccessful because the cells were unable to migrate from the pellets.
RESULTS
Transplantation with granule cells and glia
In the initial studies of transplantation of Ara Ctreated cerebellar cultures with granule cells and glia, the cultures were inspected daily in the living state for signs of myelination and were fixed and stained for light microscopic and ultrastructural observations 10 days after superimposing the kainate-exposed explants /3,37/. Myelination was evident in 78% of transplanted AraC-treated cultures, [3] [4] [5] In this study it was shown that granule cells alone did not induce clusters of proliferated Purkinje cell dendritic spines in this culture system. New spines may have formed and may have been quickly occupied by parallel fiber terminals, but clusters of unattached spines were not observed at 6 DPT, as they were when Ara C-treated cultures were transplanted with both granule cells and glia (Fig. 2) . The results of this particular study do not rule out the induction of Purkinje cell dendritic spine formation by granule cell afferents but suggest that such spines are formed less profusely than when competent astrocytes are present.
DISCUSSION
The key experiments in this series of studies identifying a source of Purkinje cell dendritic spine induction are those in which Ara C-treated Purkinje cells without granule cells were transplanted with glia alone or were exposed to astrocyte-conditioned medium /16,34/. In both instances there was a profuse proliferation of dendritic spines that, in the absence of granule cells, remained unattached by presynaptic elements and persisted in the cultures. These results suggest that Purkinje cell dendritic spine proliferation, at least under these circumstances, is induced by an astrocyte-secreted factor. Studies are underway to establish the identity of the factor. This 
